Objectives: To learn about the profile of fungal colonization and related risk factors in premature newborns.
Introduction
The increased incidence of opportunistic infections in neonatal intensive care units (NICU) is remarkable. 1 An example is fungal sepsis, defined as the isolation of Candida spp. in any sterile body site, which has a major effect on neonatal morbidity and mortality, 2 reaching mortality rates of up to 60%, 3 especially in newborns (NB) of very (< 1,500 g) and extremely (< 1,000 g) low birth weight. 2 The incidence of candidemia is inversely proportional to birth weight and gestational age (GA), 4 ranging from 2.6 to 3.1% in NBs of very low birth weight and from 5.5 to 10% in NBs of extremely low birth weight. 5 The main causative agent of fungal sepsis is Candida albicans, though other non albicans species increased their incidence in recent years, including Candida tropicalis, Candida parapsilosis,
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Candida krusei, Candida glabrata, Candida lusitaniae and Candida guilliermond. 6 The most prevalent risk factors mentioned in literature are related to the conditions of delivery, prematurity and its consequences, the presence of invasive devices and the use of broad-spectrum antibiotics; however, the major and main factor is the previous colonization by Candida spp. 5, [7] [8] [9] [10] [11] [12] It is known that colonization precedes candidemia in 42% of cases, 7 most frequently in oral and intestinal mucosa. Transmission can occur vertically, during birth, on the passage through the birth canal (mainly C. albicans), or horizontally, by the hands of health care professionals (mainly C. parapsilosis). 4, 10, 13 Prevalence of C. parapsilosis in children is higher than in the adults: 40 versus 33%, due to the high rate of colonization found on the hands of health care professionals who assist NBs in NICUs. 13, 14 The onset of colonization in the critical NB happens early; 10% of them become colonized in the first week of hospitalization, and in up to four weeks, 64% have already been colonized. 14 The development of fetal and neonatal medicine in terms of management and monitoring of prematurity rendered possible the birth of ever more immature fetuses. These individuals go through long periods of hospitalization, undergoing invasive procedures, which per se increase the chances and, precisely, the rates of fungal colonization. Thus, once colonization is the major risk factor for the development of sepsis, the aim of this study was to understand the profile of fungal colonization of this population and other risk factors associated with this condition.
Materials and methods
This is a prospective cohort study conducted from April 1st, 2010 to April 31st, 2011, at the NICU of a mid-sized tertiary hospital in the city of Curitiba, which has a total of 10 neonatal beds. The study included all NBs weighing below 1,500 g, born in the maternity and hospitalized in the NICU, whose guardians signed an informed consent form at the time of entry into the NICU, giving permission for the serial collection for scientific purposes. To perform the analysis, we obtained approval from the Ethics Committee days. 15 For the analysis, all data mentioned above were considered and crossed among each other on the scheduled days for the collection of material. P values < 0.05 indicated statistical significance, and p < 0.1, indicated a trend towards significance. The data that presented marginal p values were subjected to multivariate analysis. For these crosses, 
Results
Over the analyzed period, 309 NBs were hospitalized in the NICU, with an occupancy rate of 1,110 patients/day.
Of these, 45 met the criteria for inclusion in the study, but one was excluded due to incomplete sampling. There was a variation along the sampling period (D1 = 44; D7 = 38; D10 = 37; D14 = 35; D21 = 32; D28 = 25; D35 = 18) due to hospital discharges or deaths. The mean hospital stay was 30.5±20.27 days. Descriptive statistics of variables in the epidemiological and clinical profile of the sample are presented in Table 1 .
The incidence of colonization was 13.5/1,000 patients/ day, with onset, on average, after 11±9 days of life. The
Kaplan-Meier curve depicting time until first colonization indicates that the estimated percentage of cases without colonization after 1 week was of 81.4%, progressing to 49.3% at the end of follow-up (Figure 1 ).
In three swab samples, there was growth of other kinds of fungi: Aspergillus spp. and Penicillium spp., probably due to the environmental contamination.
In univariate analysis, the parameters without statistical significance for the development of colonization at some point during the period studied were: sex, birth weight, GA, rupture of amniotic membrane, length of amniotic membrane rupture, weight, Apgar < 5 at 5th minute, (Table 2) .
Leukocytosis on admission (> 30,000/mm 3 The colonization at some point during the hospitalization does not present association with the outcome death.
(p = 0.171).
The incidence of fungal sepsis in our sample was of 1/44
NBs (2.2%), amounting to 0.9/1,000 patients/day. This NB had GA lower than 30 weeks, birth weight lower than 1,000 g and previous colonization by Candida albicans in rectal and nasal site (same species later found in blood culture).
Laboratory tests revealed: high CRP (> 15 mg/dL), leukopenia (< 6,000/mm 3 ) and thrombocytopenia (< 50,000/mm 3 ).
This NB was the only one to receive empirical therapy with fluconazole and, after the microbiological confirmation of diagnosis, treatment with amphotericin B. Nevertheless, there was progression to death.
Discussion
Regarding the incidence of colonization, in our study,
we found a percentage of 15.9% (7/44) until the seventh day of hospitalization and of 31.8% (14/44) until the 28th day, numbers diverging from the 10 and 64% mentioned in the literature for the same periods. 16 Borges et al. found an incidence of candidemia, with microbiological criteria, of 0.4/1,000 patients/day, 11 however our sample is of 0.9/1,000 patients/day. This demonstrates that despite a relatively small sample, we had almost twice the expected.
Of the 55 samples with Candida spp., 49 (89.09%) were originated in the rectal mucosa and six (10.9%) in the nasal mucosa. This proves that the rectal colonization was more frequent in our study than the 74% found in literature. 11 In both sites, C. albicans, considered the most virulent of the Candida spp. for its strong association with death, 13 was the most prevalent, followed by: C. parapsilosis, considered the less virulent 17 ; a combination of more than one type of Candida spp.; and C. glabrata. No species of C. lusitaniae or C. guilliermondi was isolated, what is in line with literature, where they are described as virtually absent in the pediatric population. 13 In our study, mortality was of 27.2%, more relevant in the male sex: 75% (9/12) versus 25% (3/12) for females.
Of such deaths, only two (13.33%) presented colonization at some point.
To Pimentel et al., 16 the incidence of death due to Candida spp. is greater in males. In the present study, colonization was proportionally higher in girls, and they are, thus, at increased risk of fungal sepsis, and therefore, have a greater chance of death.
Little is mentioned in literature about the incidence of death due to fungal sepsis among NBs of mothers who had not received adequate prenatal care or who have had UTI during pregnancy. However, these conditions proved to be a significant trend: p = 0.081 and p = 0.073, respectively.
Similarly, the incidence of vaginal candidiasis, ranging from 20-30% of all pregnancies, generally does not produce obstetrical complications. 13 We had only two The fact that the blood culture has low sensibility and takes longer than 14 days for growth and cultivation causes negative blood cultures not to exclude the diagnosis of candidemia. 19, 20 The sum of these factors may have delayed the start of antifungal therapy and changed the prognosis of the newborn.
The incidence of fungal sepsis varies between hospitals and services; in NBs smaller than 1,000 g, it is between 4-15%. 21 This prevalence is influenced both by the complexity of patients and the adoption of prevention measures, the control of risk factors during hospital care, and the experience of the service in question. The establishment of antifungal prophylaxis for NBs under exposure to a large number of risk factors (such as the only NB who had candidemia) should take into consideration these peculiarities, and it should be carefully discussed, especially due to the still controversial bibliographic basis. 1, 9, 19, 21 Therefore, we should be cautious and careful at indicating this behavior, always assessing risks and benefits, since studies demonstrate that waiting longer than 3 days for the beginning of antifungal therapy increases the mortality rate by 50%. 1, 14 In this context, it is necessary to create protocols, such as the task force of the Italian Society of Fungal Sepsis, to start antifungal prophylaxis in pregnant women and/or NBs with higher chance of developing candidemia.
Although consisting of a small sample, this study becomes another important tool in the assistance provided to preterm infants, once it does not present strong indications for the establishment of routine empirical prophylaxis and therapy, since most colonized NBs evolved well clinically, and deaths
were not related to prior colonization in the period analyzed (p = 0.171).
